Optical Polarimetry of KIC 8462852 in May-August 2017 by Steele, I. A et al.
MNRAS 000, 1–6 (2017) Preprint 5 November 2018 Compiled using MNRAS LATEX style file v3.0
Optical Polarimetry of KIC 8462852 in May–August 2017
I. A. Steele,1, C. M. Copperwheat,1 H. E. Jermak,1 G. M. Kennedy,2 and G. P. Lamb1
1Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, L3 5RF, UK
2Department of Physics, University of Warwick, Gibbet Hill Road, Coventry, CV4 7AL, UK
Accepted 2017 September 18. Received 2017 September 18; in original form 2017 September 7
ABSTRACT
We present optical polarimetry in the period May–August 2017 of the enigmatic “dip-
ping”star KIC 8462852. During that period three ∼ 1% photometric dips were reported
by other observers. We measured the average absolute polarization of the source, and
find no excess or unusual polarization compared to a nearby comparison star. We
place tight upper limits on any change in the degree of polarization of the source
between epochs in- and out-of-dip of < 0.1% (8500-A˚) and < 0.2% (7050-A˚ and 5300-
A˚). How our limits are interpreted depends on the specific model being considered.
If the whole stellar disk were covered by material with an optical depth of ∼0.01
then the fractional polarisation introduced by this material must be less than 10-20%.
While our non-detection does not constrain the comet scenario, it predicts that even
modest amounts of dust that have properties similar to Solar System comets may be
detectable. We note that the sensitivity of our method scales with the depth of the
dip. Should a future ∼ 20% photometric dip be observed (as was previously detected
by Kepler) our method would constrain any induced polarization associated with any
occulting material to 0.5–1.0%.
Key words: stars: variables: general – stars: individual: KIC 8462852 – dust, extinc-
tion – techniques: polarimetric.
1 INTRODUCTION
Boyajian et al. (2016) presented a Kepler lightcurve of KIC
8462852 (TYC-3162-665-1, Boyajian’s Star) which showed
a number of irregularly shaped, aperiodic dips in flux of
up to 20 per cent and duration 5- to 80-d from 2009 May
until the end of monitoring in 2013 May. Over the same
time period the source appeared to fade by ∼ 3% (Mon-
tet & Simon 2016). Boyajian et al. (2016) also presented
spectroscopy which showed the source is an apparently nor-
mal F3V star and shows no radial velocity variations. They
discussed various possible interpretations of the dips. Intrin-
sic variability is ruled out since the detailed light curve be-
haviour and spectral type of the source are not consistent
with any known variable source that shows aperiodic dips
(principally R Coronae Borealis and Be Stars). The most
likely scenario is therefore some form of extrinsic variabil-
ity, i.e. occultation by circumstellar or interstellar material.
UX Ori and AA Tau systems show similar dipping optical
lightcurves. However these are young stars with a strong in-
frared excess which is not present in KIC 8462852 (Lisse
et al. 2015; Meng et al. 2017). More generally the large dip
amplitudes indicate that the occulting source is unlikely to
be a solid body and is most likely associated with some form
of clumpy/dusty material in either a distant, optically thin
region or part of multiple isolated objects such as (possibly
broken up) comets or planetesimals (Lecavelier Des Etangs
et al. 1999; Boyajian et al. 2016). The relatively small wave-
length dependence of the long term dimming (compared to
the galactic extinction law) reported by Meng et al. (2017)
indicates any dusty material is likely to be circumstellar
rather than interstellar.
Wright & Sigurdsson (2016) showed that the timing of
the Kepler dips was consistent with them being randomly
distributed. They investigated a family of plausible explana-
tions and concluded that explanations associated with struc-
ture in the interstellar medium or an intervening disk were
most likely. On the other hand Bodman & Quillen (2016) in-
vestigated the transit of a large comet family in detail. They
found that a single comet of similar size to those in our solar
system produces a transit depth of the order of 10−3 lasting
less than a day which is much smaller and shorter than ob-
served. However a large (∼ 100) cluster of comets could fit
the observed depths and durations.
Thompson et al. (2016) presented millimetre and sub-
millimetre (SCUBA-2) continuum observations “out of dip”.
No significant emission is detected. They argue their low
limits make a catastrophic planetary disruption hypothesis
unlikely. Alternatively Metzger et al. (2017) argue the his-
toric consumption of a planet can be used to explain the
possible long term dimming and lack of infrared excess with
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planet debris or out-gassing of tidally detached moons ex-
plaining the transient dips. However the apparent brighten-
ing episodes found in long term ASAS data (Simon et al.
2017) may argue against this interpretation.
Dust scattering is a well known source of polarization.
Given the significant depth of the dips, it may be that a
detectable polarization signal is expected if a comet or other
dust related explanation is correct. KIC 8462852 displayed
its first detected dips since the end of Kepler monitoring in
2017 May–Aug. Here we present the results of approximately
nightly polarimetric monitoring over that period.
2 OBSERVATIONS AND DATA REDUCTION
As part of a longer term polarimetric monitoring campaign
we observed the 4×4′field centred on KIC 8462582 a total of
166 times between 2017 April 30 and 2017 August 21. The
observations were made with the RINGO3 (Arnold et al.
2012) optical polarimeter of the Liverpool Telescope (Steele
et al. 2004). During this observing period three distinct dips
were discovered by Boyajian et al. (2017b,a). Inspection of
their lightcurves1 shows dips of 1−2% depth occurred during
the periods MJD=57890-57896 (“Elsie”), 57915-57927 (“Ce-
leste”) and 57968-57980 (“Skara Brae”). In total 61 RINGO3
observations were made in-dip and 105 out-of-dip.
RINGO3 uses a rapidly rotating polarizer to modulate
the incoming beam. The modulated beam is then fed via
a system of dichroic mirrors to three electron-multiplying
CCD cameras. These record the resulting time variable sig-
nal in eight equal-length exposures per camera per rotation.
The dichroic mirrors define three wavebands we refer to as b∗
(∼ 3500−6400 A˚), g∗ (∼ 6500−7600 A˚) and r∗ (∼ 7700−10000
A˚). Convolving the dichroic transmission profiles with the
detector quantum efficiency we find typical effective wave-
lengths for the three bands of λeff ∼ 5300, 7050 and 8500-A˚.
A detailed description of RINGO3 data reduction pro-
cedures is given by Jermak (2016); we therefore only give a
brief summary here. After stacking the repeated exposures
at the same rotation angle, bias and flat field corrections
were applied. We then used Sextractor (Bertin & Arnouts
1996) to measure photometry of every object in each image.
We used a fixed aperture of 10 pixels (4.4 arcsec) diameter
and local sky subtraction. The 8 measured count values per
object (one per rotation angle) per observation were then
used to derive the instrumental Stokes q and u parameters
for that object using the equations presented by Clarke &
Neumayer (2002). These were then corrected for the effect of
instrumental polarization following the procedure outlined
for RINGO2 in Steele et al. (2017). This correction used the
mean q and u values of a set of calibration observations of
non-polarized standard stars (Schmidt et al. 1992) obtained
every ∼ 5 nights during the observing period. Following this
the measured q and u parameters were corrected for the ef-
fect of field rotation to derive the final q and u values in the
sky plane.
1 http://www.wherestheflux.com/
3 RESULTS
3.1 Absolute Polarimetry
The upper two panels in Figures 1, 2 and 3 show our final
Stokes q and u parameters for the three wavelength bands
versus Modified Julian Date (MJD). Making an initial as-
sumption of no variability, the typical error (not plotted for
claity) on each q and u point can be estimated from the
standard deviation of the entire dataset. We find standard
deviations in q and u of 0.005 (r∗), 0.005 (g∗) and 0.007
(b∗). Similar values were also found for two other objects in
the field (TYC-3162-977-1 and TYC-3162-677-1). The stan-
dard deviations are much larger than the error calculated by
photon counting statistics for each point (which are < 0.001
for all points). This is evidence of a previously known time
variable systematic error that the instrument displays in all
measurements (S lowikowska et al. 2016).
We split the reduced polarimetry curves into sections
based on whether the source was dipping at the time. This
gives 4 out-of-dip sections and 3 in-dip. Within each section
we then calculated the mean and standard error of the mean
of q and u. These values are plotted (diamond symbols) in
Figure 4. It can be seen the standard errors are considerably
smaller than the spread between the mean values, indicating
that long term variability is present. The q, u standard de-
viations of the distributions are 0.0017,0.0025 (r∗), 0.0023,
0.0024 (g∗) and 0.0041,0.0045 (b∗). However, given the fully
overlapping distribution of the in- and out-of-dip points in
Fig. 4, we attribute this variability to the systematic errors
mentioned above rather than true variability of the source
associated with the dips. To obtain the final mean Stokes pa-
rameters of the source we therefore average the seven mean
in and out of dip values, again calculating the standard error
of the mean. This yields q, u = −0.0047±0.0007, 0.0035±0.0010
(r∗), q, u = −0.0053 ± 0.0009, 0.0034 ± 0.0011 (g∗), q, u =
−0.0087 ± 0.0016, 0.0088 ± 0.0018 (b∗).
We then convert our final mean Stokes parameters to
a mean degree of polarization (P) and associated error. In
doing this we correct for polarization bias and calculate error
bars using a Monte Carlo implementation of the method of
Simmons & Stewart (1985). Overall we find averaged over
the whole observation period the mean absolute polarization
of the source is P = 0.6 ± 0.1% (r∗), P = 0.6 ± 0.1% (g∗)
and P = 1.2 ± 0.2 (b∗)% with corresponding electric vector
polarization angles (EVPA) of 72 ± 6◦, 74 ± 6◦ and 73 ± 6◦.
For comparison we identified one other object that was
within the RINGO3 field of view of all of our frames. This
object (TYC-3162-977-1) has B = 13.03,V = 11.86 and dis-
tance d = 826+602−245 pc. This is a similar apparent magnitude
although with slightly redder colour and a greater distance
than KIC 8462852 (B = 12.82,V = 12.01, d = 391+122−75 pc).
The apparent magnitudes of both objects are quoted from
the Tycho catalogue (Høg et al. 2000) and the distances from
Gaia Data Release 1 (Lindegren et al. 2016). Applying the
same techniques as outlined above, we measure polarizations
for TYC-3162-977-1 of P = 0.9 ± 0.1% (r∗), P = 1.0 ± 0.1%
(g∗) and P = 1.6±0.2% (b∗) with EVPA of 84±2◦, 87±4◦ and
77± 3◦ respectively. The two sources therefore share compa-
rable polarization characteristics, with ∼ 1.5× greater polar-
ization for the source which is ∼ 2× distant, EVPA within
∼ 10◦ of each other, and a similar dependence on wavelength.
We conclude that on average KIC 8462852 shows normal
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Figure 1. r∗ (λ eff ∼ 8500-A˚) polarimetry versus date. The upper two panels show the absolute measurements of the normalized Stokes
parameters q and u for KIC 8462852 (black points) and the comparison object TYC-3162-977-1 (green points). The Stokes parameters
can be seen to partially track each other. The lower two panels show the difference between the normalized Stokes parameters (∆q, ∆u)
of the two objects and therefore give relative polarimetry. The vertical (blue) shaded regions are ”dip” periods.
polarization properties consistent with the expected inter-
stellar polarization for a source at its distance and location.
In particular there is no evidence of excess polarization.
3.2 Relative Polarimetry
In Figures 1, 2 and 3 (upper panels) we also plot our mea-
surements of TYC-3162-977-1 (green symbols). The mea-
surements of KIC 8462852 and TYC-3162-977-1 partially
track each other, implying that the systematic errors iden-
tified in the previous section occur (at least partly) between
observations rather than at different field positions within
an individual observation. We therefore calculate the differ-
ence between the Stokes parameters (∆q and ∆u) of the two
objects. In other words we treat TYC-3162-977-1 as a lo-
cal polarimetric standard. The results of this analysis are
presented in the lower panels of Figures 1, 2 and 3.
Figure 4 (point symbols) shows that this technique is
effective in reducing the scatter on the resulting Stokes pa-
rameters, with the standard errors now similar in size to the
scatter. The standard deviation derived from the distribu-
tion of the mean ∆q and ∆u parameters are 0.0009,0.0014
(r∗), 0.0020, 0.0018 (g∗) and 0.0006,0.0004 (b∗). The mean
improvement in standard deviation is factor 1.9 (r∗), 1.2 (g∗)
and 9 (b∗) compared to the standard absolute polarimetric
analysis. This demonstrates the value of our relative tech-
nique in reducing the time variable systematic error.
Comparing the distribution of points in- and out-of-dip
we again find complete overlap and no evidence of intrin-
sic variability in the polarization. To quantify this we first
calculate the difference between the mean Stokes parame-
ters in- and out-of-dip (and associated errors via standard
propagation theory). We then convert to bias corrected po-
larization and error as per Section 3.1 to calculate δP, the
difference between the in- and out-of-dip polarization. We
find δP = 0.05 ± 0.04% (r∗), 0.17 ± 0.07% (g∗), 0.10 ± 0.08%
(b∗). We note that the error on these quantities should not be
considered a measure of significance since for small signal-to-
noise ratios errors on P will be strongly non-Gaussian due
to its always positive nature (Wardle & Kronberg 1974).
Taking a conservative approach we therefore estimate any
change in the degree of polarization between in- and out-
of-dip states as upper limits of < 0.1% in the r∗ band and
< 0.2% in the g∗ and b∗ bands.
4 DISCUSSION AND CONCLUSIONS
We have shown that the average polarization of KIC 8462852
is as expected for its distance and location on the sky. In
addition we find a limit on any polarization change of <
0.1 − 0.2% between its dipping and non-dipping states.
How these limits are interpreted depends on the spe-
cific model being considered. If the dimming were due to a
change in interstellar absorption along the line of sight to
the star, a change in extinction of 1-2% would be expected
MNRAS 000, 1–6 (2017)
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Figure 2. g∗ (λ eff ∼ 7050-A˚) polarimetry versus date. Other details as per Fig. 1
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Figure 3. b∗ (λ eff ∼ 5300-A˚) polarimetry versus date. Other details as per Fig. 1
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Figure 4. Stokes parameters in- (blue) and out- (red) of dip for
the three wavebands. Large diamond symbols indicate absolute
Stokes parameters (q, u). Small point symbols indicate relative
(∆q, ∆u) Stokes parameters. The scatter of the relative Stokes
measurements is reduced with respect to the absolute values. In
all cases the in- and out- of dip distributions overlap with no
evidence of an associated change of polarization properties.
to yield a maximum polarization change < 0.05% (Serkowski
et al. 1975). Alternatively if the occulting material were op-
tically thick and thus covered only ∼1% of the star the only
polarimetric signal during the dimming events would arise
from differences in polarisation across the stellar surface at
levels significantly below our sensitivity (Carciofi & Maga-
lha˜es 2005). At the other extreme, if the whole stellar disk
were covered by material with an optical depth of ∼0.01 then
the fractional polarisation introduced by this material must
be less than 10-20%. Polarisation from dust-scattered light
depends strongly on the scattering (phase) angle. At angles
of ∼ 90◦ levels of P ∼ 15 − 30% are seen for Solar System
comets (Hadamcik & Levasseur-Regourd 2003), and up to
P ∼ 50% for circumstellar disks (Perrin et al. 2015). However
P drops to only a few percent for small angles, as is the case
for the geometry of material transiting KIC 8462852. Thus
our limits do not appear particularly constraining.
However, to illustrate the model-dependence we con-
sider the comet family scenario proposed by Boyajian et al.
(2016) and explored in detail by Wyatt (2017). In this sce-
nario the dips are explained by a series of comet fragments
and associated dust concentrations on highly eccentric or-
bits, which are viewed with their pericenter direction roughly
along our line of sight. Thus, while the polarisation is ex-
pected to be low during a dimming event because the scat-
tering angle is near zero, the highly eccentric orbit means
that a few tens of days before or after the event the same
dust concentration will pass through a point where the scat-
tering angle is 90◦ (i.e. a true anomaly f = 90◦). Wyatt
(2017) show that the pericenter must be closer than 0.6-AU,
at which point the time taken for a particle on a parabolic
orbit to travel from f = 0 to f = 90◦ is about 50d. As an
illustration we calculate that if a Solar radius worth of dust
area were present at 0.1-AU from KIC 8462852 and near
a scattering angle of 90◦, and that dust had an albedo of
0.1 and polarisation fraction of 10%, the polarization would
be at the level of the observed RINGO3 sensitivity. Thus,
while our non-detection does not (yet) constrain the comet
scenario, it predicts that even modest amounts of dust with
properties similar to Solar System comets may be detectable.
Finally we note that the sensitivity of our measurements
scales in inverse proportion to the depth of the dip/amount
of material present. For example detection of a future 0.2
magnitude dip would provide polarimetric sensitivity at the
0.5 − 1.0% level for the properties of any occulting dust.
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